Introduction
Anorectal manometry is a useful diagnostic tool for defecation disorders. The apparatus includes 2 major components. The first is a pressure-sensing transducer that uses two types of probe: a water-perfused catheter and solid-state catheter. The second component of the apparatus is an amplifying and recording system. 1, 2 High-resolution manometry (HRM) allows interpretation of manometric recordings with highly detailed topographical plots of intraluminal pressures relative to time and location. To date, HRM has been used mainly in the study of esophageal motility disorders and has been shown to provide more physiological information and is easier to interpret than conventional manometry. 3, 4 Also, it requires less time than conventional manometry, patients feel comfortable, and lowers the associated cost. 5 Jones et al 6 reported that anorectal HRM is highly correlated with water-perfused manometry measurements. But, there have been fewer studies done on anorectal HRM than on esophageal HRM. The aim of this study was to evaluate the usefulness of highresolution anorectal manometry (HRARM) using a solid-state catheter compared to water-perfused anorectal manometry to evaluate defecation disorders due to pelvic floor dyssynergia.
M aterials and M ethods

Patients
We performed a prospective study of consecutive patients who visited the outpatient clinic or who were admitted due to chronic constipation with/without fecal incontinence at the Department of Gastroenterology, Soonchunhyang University Hospital, between April 2009 and October 2009. All patients had functional defecation disorders, but some were excluded on the basis of concurrent systemic disorders or metabolic disorders, or in the case of mechanical obstruction diagnosed by patient history, physical examination, serologic testing, barium enema or colonoscopy. Informed consent was obtained from all patients. This study was approved by the Institutional Review Board.
Method
All 14 patients completed 2 questionnaires regarding the Rome III criteria for functional constipation. Patients underwent both water-perfused anorectal manometry and HRARM on the same day in a random order.
Water-perfused anorectal manometry
Patients were informed about the test protocol and were asked not to take medication that could affect bowel movement at least 3 days before the test and to defecate on the morning of the test. Patients were studied in the left lateral decubitus position with hips and knees bent to 90 o . The study was conducted in a quiet room with no other persons present. A radial catheter with multi-channel circumferential sensors spaced at 0.5-cm intervals (each of 0.8-cm diameter) was gently inserted 6 cm into the anal verge. After over 5 minutes of making the patient comfortable and allowing the pressures to stabilize, the resting pressure was measured. Patients were asked to squeeze the anus for more than 10 seconds to measure the maximum squeezing pressure. The sphincter pressure was measured by pulling the catheter 1 cm using the stationary pull-through method for 1 minute, and the assembly was perfused using a low compliance hydraulic capillary infusion system (Arndorfer Medical Specialties, Greendale, USA) with a 0.5 mL/min perfusion rate. After 20 seconds of allowing the pressures to stabilize, during attempted defecation for 5 seconds, changes in intra-anal and intra-rectal pressure were measured. The rectoanal inhibitory reflex was assessed by progressively inflating rectal balloon using spiral catheter with circumferential sensors spaced at 0.5-cm intervals with balloon in increments of 10 mL up to 50-mL air, after which patients were asked to strain their muscles as if to defecate. During coughing, the rectoanal contractile reflex was assessed, changes in intra-anal and intra-rectal pressure were measured. At least 3 measurements were performed to minimize false positives.
High-resolution anorectal manometry
Preparation for HRARM was the same as for water-perfused anorectal manometry. Patients were studied in the left lateral decubitus position with hips and knees bent to 90 o . HRARM was performed using a solid-state manometric assembly with 10 circumferential sensors spaced at 0.7-cm intervals (Sierra Scientific Instruments Inc, Los Angeles, CA, USA). The catheter was gently placed in the rectum, with 1 or 2 sensors located outside the anal canal. After making the patient comfortable and allowing the pressures to stabilize, the resting pressure was measured. Patients were asked to squeeze the anus for more than 20 seconds to measure the maximum squeezing pressure. The intra-rectal and intra-anal pressures were also measured during attempted defecation for 5 seconds. After insertion of the rectal balloon, it was inflated in increments of 10 mL up to 50 mL, and the rectoanal inhibitory reflex was assessed. During coughing, the rectoanal contractile reflex was assessed, changes in intra-anal and intra-rectal pressure were measured. At least 3 measurements were performed to minimize false positives. The pressure detected by the solid-state catheter was reported by a ManoScan system (Sierra Scientific Instruments Inc.), and these manometric data were analyzed using the ManoView analysis software (Sierra Scientific Instruments Inc.).
Analysis
Analysis is based on recorded data. We compared the anal sphincter resting pressure, maximum squeezing pressure and the ratio of maximum squeezing pressure to resting pressure between water-perfused anorectal manometry and HRARM. Rectoanal inhibitory reflex and rectoanal contractile reflex were assessed and also the correlation between both method. We measured anal canal length and defecation dynamic parameters such as rectoanal pressure gradient, percentage of relaxation and pressure change during cough reflex in both methods. The manometric profiles during attempted defecation were classified into Rao's types of dyssynergia. 7 During attempted defecation, there is normally an increase in the intrarectal pressure and a decrease in the intra-anal pressure. Type I dyssynergia is characterized by an increased intrarectal pressure with a paradoxical increase in the intra-anal pressure. In type II dyssynergia, the subject is unable to generate an adequate propulsive force together with paradoxic anal contraction. In type III dyssynergia, the subject can generate an adequate propulsive force along with an absent relaxation or incomplete (≤ 20%) relaxation of resting anal sphincter pressure. In type IV dyssynergia, the subject is unable to generate an adequate propulsive force together with absent or incomplete relaxation of anal sphincter pressure. The Rao's subtype analyses of water-perfused anorectal manometry and HRARM were conducted by a single researcher blinded to the results of the other method. The rectoanal inhibitory reflex and rectoanal contractile reflex were interpreted by the same method. The measurement time was based on the recording time stored in the computer. Rectoanal pressure gradient is a pressure difference between rectal and anal pressures taken over 2 seconds at the highest rectoanal pressure gradient during pushing period. Percentage of anal relaxation is taken according to: (1-residual anal pressure/anal resting pressure) × 100 where residual anal pressure is taken over 2 seconds.
Statistical Methods
Correlations between water-perfused anorectal manometry and HRARM for resting pressure and maximum squeezing pressure were analyzed using Pearson's correlation coefficient. All parameters, including measurement time, were compared using a Wilcoxon's signed-rank test or Paired t test. Statistical significance was set at P < 0.05.
Results
Patients' Characteristics
Of the 14 patients, the mean age was 59 years (range 35-77 years). Indications for anorectal manometry were constipation (n = 8) and constipation with fecal incontinence (n = 6). Patients with constipation with fecal incontinence had history of pelvic bone fracture and perineal injury (n = 1), jejunosigmoidostomy and hemorrhoidectomy (n = 1), and operation for herniated intervertebral disc (HIVD) (n = 3). Three patients were myogenic (2 patients had internal sphincter injury and 1 patients had external sphincter injury) and 2 patients of neurogenic origin had spinal cord injury (one of them had cauda equine syndrome). One patient had fecal soiling with constipation. Combined disorders and constipation questionnaire results are shown in Table 1 .
Anal Sphincter Pressure
The mean resting pressure was 51.4 mmHg (16-131 mmHg) by water-perfused anorectal manometry and 51.9 mmHg (22. Table 2 ). Both the resting and squeezing pressures by the 2 methods were strongly correlated (resting pressure: r = 0.746, P = 0.002; squeezing pressure: r = 0.921, P < 0.001) (Fig. 1) .
Attempted Defecation
In attempted defecation, type I (n = 9), type II (n = 4), type This case shows equivocal result by water-perfused anorectal manometry. However, this case could be classified as type I pelvic floor dyssynergia by HRARM. HRARM revealed that puborectalis muscle portion was widely separated with anal sphincter portion. Equivocal relaxation of anal sphincter by water-perfused anorectal manometry might be due to the trapping of manometry sensor between two muscles. HRARM provides detailed pressure change in puborectalis muscle and anal spincter portion that may improves assessment of anorectal disorders. (E, F) Type IV pelvic floor dyssynergia as determined by water-perfused anorectal manometry and HRARM. III (n = 0) and type IV (n = 1) were present on water-perfused anorectal manometry according to Rao's classification; HRARM exhibited the same result. One equivocal case with water-perfused anorectal manometry was diagnosed as type I pelvic floor dyssynergia with HRARM. HRARM provides detailed pressure changes in external anal spincter or puborectalis muscle portion which improved assessment of anorectal disorders (Fig. 2) .
Rectoanal Inhibitory Reflex and Rectoanal Contractile Reflex
Rectoanal inhibitory reflex is relaxation of the internal anal sphincter in response to increased pressure in the rectum tested by inflating a balloon in the lumen. Rectoanal inhibitory reflex by both methods was positive in all 14 patients. Amount of balloon inflation that was the volume threshold for first detected rectoanal inhibitory reflex was 25 mL (5-40 mL) by water-perfused anorectal manometry and 30 mL (10-70 mL) by HRARM with no statistical significance difference.
Rectoanal contractile reflex was also identical by both methods which was positive in 13 patients and negative in 1 patient with cuada equine syndrome. Pressure change during cough reflex was 54.8 mmHg (0.0-169.6 mmHg) by water-perfused anorectal manometry and 63.7 mmHg (0.0-98.5 mmHg) by HRARM. There were no statistically significant difference and correlation between 2 methods.
Anal Canal Length and Defecation Dynamic Parameters
Anal canal length was 3.8 cm (2.4-6.0 cm) by water-perfused anorectal manometry and 2.4 cm (0.9-4.0 cm) by HRARM and there was a statistically significant difference (P = 0.002). Rectoanal pressure gradient was − 13 mmHg ( − 40-98 mmHg) by water-perfused anorectal manometry and − 31.1 mmHg ( − 69.3-− 6.6 mmHg) by HRARM without significanct difference and correlation.
Percentage of relaxation was 51.1% (2.1-396.0%) by water-perfused anorectal manometry and 3.5% ( − 78-41%) by HRARM with statistical significant difference (P = 0.009). There was no correlation between 2 methods (Table 2) .
Measurement Times
The measurement time for HRARM was significantly shorter than that for water-perfused anorectal manometry (HRARM: median 11.3 minutes [range 10.0-14.2 minutes] vs water-perfused anorectal manometry: median 23 minutes [range 21.5-29.5 minutes], P < 0.001) (Fig. 3) .
Discussion
Recently HRM was introduced for measurement of gastrointestinal function. It is used usually to evaluate esophageal motility disorders, and has been reported to provide more physiological information with greater ease of interpretation. [8] [9] [10] Conventional manometry typically utilizes pressure sensors spaced at 3-5 cm intervals, whereas high-resolution esophageal manometry makes use of more pressure sensors spaced at 1-cm intervals, allowing collection of pressure data for the entire esophagus. Also, the direction, power and peristalsis of intra-esophageal pressure as presented in spatiotemporal plots allow clinicians to distinguish an abnormal from a normal esophageal motility pattern. [11] [12] [13] Therefore, a high-resolution system is characterized by: (1) a simplified set up with improved sphincter localization, (2) elimination of movement artifacts, (3) simplified data interpretation, (4) the ability to perform a more sophisticated analysis 14 , and (5) ease of reporting and storing the patient reports due to use of dedicated software.
The topic of this study was to evaluate the clinical usefulness of HRM for anorectal manometry as for esophageal manometry. Previous study comparing water-perfused anorectal manometry with HRARM 6 was done simultaneously using water-perfused catheter and solid-state catheter for HRARM which lead to artifacts due to each catheter effect and not by physiologic condition. In this study, patients underwent both water-perfused anorectal manometry and HRARM on the same day in a random order. The resting pressure (r = 0.746, P = 0.002) and squeezing pressure (r = 0.921, P < 0.001) were significantly correlated. Also, one equivocal case by water-perfused anorectal manometry according to Rao's classification of attempted defecation was diagnosed as type I pelvic floor dyssynergia with HRARM. HRARM provides precised and detailed pressure changes in internal and external anal spincters, and puborectalis muscle which improve assessment of anorectal disorders.
Anal canal length was longer by water-perfused anorectal manometry (3.8 cm [2.4-6.0 cm]) than by HRARM (2.4 cm [0.9-4.0 cm]) and there was a statistically significant difference (P = 0.002). This could be from the artifacts produced by the movement from pulling the catheter in water-perfused anorectal manometry. During attempted defecation, rectoanal pressure gradient and percentage of relaxation were more variable by water-perfused anorectal manometry than by HRARM. These results might have been caused by movements of catheter in water-perfused anorectal manometry. In water-perfused anorectal manometry, the catheter is repositioned for measurements of each pressure that can lead to artifacts due to involuntary sphincter stimulation. By contrast, in HRARM, the catheter does not need to be changed so there is a less chance of artifacts from catheter movement with increased number of sensors within the catheter getting more rapid response upon pressure change, moreover, with shorter measurement time. Therefore, both the operator and patient are more comfortable during HRARM.
However, there is limitation of the small sample size. Although patients were more comfortable during HRARM, we did not assess this benefit objectively. Further studies are required to confirm HRARM superiority.
In conclusion, HRARM is likely to provide better physiological information and to require a shorter measurement time compared to water-perfused anorectal manometry.
